We consider the gauge fixed partition function of pure SU (Nc) gauge theory in axial gauge following the Halpern's field strength formalism. We integrate over 3(N 2 c − 1) field strengths using the Bianchi identities and obtain an effective action of the remaining 3(N 2 c − 1) field strengths in momentum space. We obtain the static solutions of the equations of motion (EOM) of the effective theory. The solutions exhibit Gaussian nature in the z component of momentum and are proportional to the delta functions of the remaining components of momentum. The solutions render a finite energy density of the system and the parameters are found to be proportional to fourth root of the gluon condensate. It indicates that the solutions offer a natural mass scale in the low energy phase of the theory.
I. INTRODUCTION
It is well known that non abelian gauge theory (NAGT) has asymptotic freedom [1] which indicates that the theory is almost free at very high energy and at very small distance scale. It also indicates that at very low energy it exhibits the confinement of gauge degrees of freedom and results in the non-zero values of gluon condensates at this low energy phase of the theory [2] . Owing to non linear nature of NAGT its exact quantization is still lacking and as a consequence of which the dynamics of this theory at low energy remains least understood till today. It is believed that stable classical solutions of EOM of the theory may be of use to understand the behaviour of the system at low energy and it may also shed some light on the issue of quantization of the theory at this energy [3] .
The endeavour for obtaining the classical solutions of EOM of NAGT has a long history since its inception. Attempt has been made [4] to caste those equations in the form of Maxwell equations of electrodynamics. The exact periodic solutions of the SU (2) gauge theory have been constructed [5] in Minkowski space-time. There also exists solutions which are the non-abelian analogues of electromagnetic plane waves [6] . A relationship has been established [7] between the solutions of a φ 4 scalar field theory and a class of solutions of EOM of SU (2) gauge theory. The most general self-dual, non-abelian, plane wave solutions have been obtained [8] in NAGT. A comprehensive discussion on the solutions of EOM in Minkowski space-time are given in Ref. [9, 10] It has been proposed long before [11] that a non-abelian gauge theory can be formulated in terms of field strengths in axial gauge. The unique inversion of gauge potentials to field strength requires Bianchi identities to be satisfied in the quantized theory. We use Bianchi identities to integrate over the 3(N 2 c − 1) degrees of freedom * kmukherjee@physics.iiests.ac.in and obtain an effective action in terms of the remaining 3(N 2 c − 1) field strengths in the momentum space. Then we obtain a solution of the equations of motion of the effective theory. Solutions indicate that the non abelian magnetic fields have Gaussian nature in their z component of the momentum and non abelian electric fields are zero. We expand the effective action around this solution to quadratic order in fluctuation and obtain the energy density of the system by integrating out the fluctuations in the partition function. The energy density has been found to have a minimum with respect to the parameter of the solution and it thus indicates the stability of the obtained solution.
II. GAUGE FIXED EFFECTIVE ACTION
We start with the pure SU (N c ) gauge theory Lagrangian
where 
where
and
We use the Fourier transform of
and write the solutions of Halpern [11] for the gauge potentials in momentum space as
where E a (k) and B b (k) are the non abelian electric and magnetic field vectors in momentum space respectively. We use eq.(6) and (7) to write the partition function in terms of the fields in momentum space as
I aµ (k) in momentum space in terms of non abelian electric and magnetic fields read
wherex,ŷ,ẑ are the unit vectors along x, y and z axes respectively. We write
We write using eq.(13)
and then integrating over the fields E 
where the factor N = δ(0) kz
The factor of δ(0) comes from δ(I a z (G)) when I a z (G) = 0, after performing the integration over the remaining delta functions. The effective action
where the quadratic part
and the interaction part
III. SOLUTIONS OF EOM
Equations of motion
take the form
We assume a solution of eq.(24) as
where p ⊥ = (p 0 , p x , p y ) and
Upon substitution of this solution into eq.(24), it takes the form
Using the property in eq.(28) we evaluate the integral
With the use of this result, eq.(29) simplifies to
We then make the following ansatz:
that are consistent with the property in eq.(28). Here ∆ is a scale of mass dimension one and y a j (n)(j = 1, 2) satisfy the following equations:
We assume that in case of SU (2) 
IV. STABILITY OF THE SOLUTION
To address the issue of the stability of the obtained solution we compute the vacuum energy density ǫ(φ) of the system. The solutions will be stable if ǫ(φ) has a minimum with respect to φ and it remains bounded even for limited fluctuation of φ around the minimum. From trace anomaly [12] we know that the trace of the energy momentum tensor
where β(g) (= µ ∂g ∂µ ) is negative for pure NAGT. Lorentz invariance requires that 0 | Θ µν | 0 = ǫg µν which is also consistent with the fact that Θ 00 = ǫ. We therefore obtain 0 | Θ µν | 0 = 4ǫ and then the use of eq.(38) gives
In the following we first expand the action around the solutions to quadratic order in fluctuations and then proceed to compute 0 | G a αβ G aαβ | 0 using this expanded action around the solutions. Solutions in eq.(32) are dependent on a mass scale ∆ which is dynamic in nature. It will be shown later using a rough estimate that it falls inversely as g when g ≫ 1 and goes to zero when g → 0.
Since, ∆ turns out to be small in the non-perturbative (g ≫ 1) region, we take ∆ ≪ 1 and expand eq.(32) in the following in powers of ∆:
We introduce 3(N 2 c − 1) sources and write the partition function of eq. (8) as
Consider an operator O(E a , B a ) which is a functional of non abelian electric and magnetic fields. The vacuum expectation value
Then after performing the integration over E a x , E a y and B a z as discussed in section II we obtain
where the action of eq. (18) is modified as
Moreover, according to eq.(14) f a j are functions of X a j (j = 1, 2, 3), so we usẽ
To compute the vacuum average of the operator we adopt the stationary phase approximation in Z[J]:
We expand the action about the classical solution and keep terms to order (X −X) 2 :
is assumed as a very slowly varying function of p z over the momentum scale ∆ (∆ ≪ 1). Then
Then we change the integration variable in eq.(47) from X to Φ and integrate over Φ to obtain the final result as
where,
and the convention J a j (p) = J a j (p ⊥ , p z ) has been adopted. We take the operator as
and use eq.(44) to obtain its average as
where the expressions for O 2 , O 3 and O 4 are as follows:
and 
